Due to the rapid growth of urban heat island (UHI) in Bangkok, which is covered by 1,568.7 sq.km and 1.5 mMSL and surrounded by the Gulf of Thailand and Chao Phraya river, has been gradual.ly extended through suburban areas that making ambient air temperature increased about 0.03 °C/y for 56-year period (1957 to 2013). The Bowen ratio found between 3.20 to 3.25 that required to select the green patches 25% to 75 % of the total landscape for enough heat absorbent from urban heat island in Bangkok city that being full of concrete construction and dense population. Landscape design for reduction heat from UHI unit areas should be considered in four orders of magnitude, i.e., landscape macro-designing, green patch localization, cooling housing design and construction, and housing landscape design.
Introduction
The rapid growth of cities has been found all over the world since the last five decades due to the population explosion, following by constructing roads/streets, houses, shop houses, buildings, religious places, government office buildings, schools/colleges/universities, and any public construction units. Evidently, the cities have been enlarged together with big and tall builds to form the heat islands that made climate warm because of re-radiating from constructed buildings. Moreover, most of the cities laid the foundation in the old days without care for well-planned cities in arrangement of roads/streets, houses, shop houses, private buildings, government office buildings, religious places, schools/colleges/universities, and some constructed units. Although the city planning is proposed to exist the green patch areas for some criterion in order to provide the city residences to use for exercising, relaxing, and recreational activities. In other words, the heat islands, in general, are the areas which include smaller green patches due to high dense buildings as main sources for re-radiating to increase higher temperature (Caseo & Larsen, 2012; Oke et al., 1991; Alchapar et al., 2014; Takebayashi et al., 2014; Ketterer and Matzarakis, 2014) . As understood among scientists, the higher temperature can be reduced by using latent heat for vaporization which is equivalent to 583 calories per one gram of water to escape from water surface to the sky, and al.so its amount is the same as transpiration of vegetation.
So, the best way to lower air temperature in heat island by constructing water storage ponds and/or panting green patches in order to encourage heat absorption by evapotranspiration water to the sky (Linsley et al., 1988; Chunkao, 2008; Sellers, 1969; Penman, 1948; Bowen, 1926) . In principles, such amount of heat-released water is depended on size of surface water as water availability together with wind direction and speed, water and air temperature, vapor pressure; and al.so related to plant species, age, size, leaf area index, and areal size of green patches as well as topographical characteristics (elevation, slope, aspect, landform) and seasonal periods (Chunkao, 1979 (Chunkao, , 2008 Zhang et al., 2013; Ketterer, 2014) . Naturally, the occurrence of evapotranspiration process can be existed either low or high temperature because of the vertical vapor pressure gradient between evaporating surface and upper edge of boundary layer which is supported by withdrawing forces of wind speed and surrounding temperature (Linsley et al., 1988; Chunkao, 1971; Deacon, 1949) . In other words, the way how to decrease the air temperature could be implemented by growing green patches as the same as construction of water-storage ponds in order to absorb heat in form of evapotranspiration, about 583 calories per a gram of evaporated water. elevated temperature (ground surface and air temperature), air pollution, and energy consumption. It is normally surrounded by big and tall buildings, houses, shop houses, religious buildings, green roof, green patches, city parks, and ponds in which they play significant role in function on sources and sinks for day and night heat balance (Santamouris, 2012; Caseo & Larsen, 2014; Chun & Guldman, 2014; Honjo & Takakura, 1990; Oke et al., 1991; Lokoshchenko, 2014; Santamouris, 2001; Maimaitiyiming et al., 2014) in which they come hand in hand with the rapid-unplanned urban growth and high density of population such as Ketterer and Matzarakis (2014) found out UHI increasing 0.3 °K to 2 °K and up to 12 °K in the city concrete; 1.5 -3.0 °C per 100 years; 2 °C for 17.25 % building cooling energy use by Sun and Augenbroe (2014) ; 1 °C to 5 °C from air conditioning units by Caseo and Larsen (2014) ; and average monthly 2.6 °C in urban heat island by Shahidan et al. (2012) . There were a lot of research reports concerning with decreasing air temperature in heat island areas by either growing green patch or storage water ponds such as Skoulika et al. (2014) found nocturnal cool islands varying 0.7 °K to 2.8 °K and daytime 0.2 °K to 2.6 °K from ambient temperature lower than 34 °C; 1.3 v and decreasing 0.2 °C for every 10 % increase from the study of Caseo and Larsen (2014) ; 2.14 °C to 5.15 °C together with increasing relative humidity 6.21 % to 8.30 % by Zhang et al. (2013) ; 0.9 °K and found 0.1 °K to 0.33 °K per roof albedo increase by Santamouris (2012) .
Giving green patches and tree planting in urban heat island have been recommended by Mangone and Linden (2014) , Akbari et al. (1992) , McPherson (1988) , McPherson and Simpson (1992) , McPherson and Rowntree (1993) , Caseo and Larsen (2014) , Zhang et al. (2013) , Honjo and Takakura (1990) , Alchepar et al. (2014) , Oke et al. (1991) , Shahidan et al. (2012) while Chun and Guldman (2014) recommended to establish the roof-top green patch and water areas for reduction of urban heat islands as well as giving vegetated courtyard and city parks by Mangone and Linden (2014) , Skoulika et al. (2014), and McPherson (1988) , Takebayashi et al. (2014) , Ng et al. (2012) ; and also making higher albedo roof by Alchapar et al. (2014) . In principles, an incoming heat protection (such as tree planting, pond construction, green patch making on building-top roof, and increasing albedo of around buildings) in urban heat island would be the most important to reduce ambient air temperature due to make them away from exactly sources and sink in heat transfer by re-radiation and heat absorption before re-radiation which are the heating processes concerning in decreasing rather than increasing ambient air temperature in heat islands in rapid growth cities and communities.
To accomplish such above principles, the incoming heat occurrence has to be understood and know how to measure it in order to take it as the main factor to make heat island for landscape designing to reduce ambient air temperature of heat islands in the dense-populated cities and communities. Following the said information, heat balance measurement should be firstly conducted as expressed by Deacon (1949) , Sellers (1969) , Chunkao (1979 Chunkao ( , 2008 , Uddin et al. (2013) , Savage et al. (2009) , an Takebayashi et al. (2014) For bare land and human settled land as well as city and dense-populated communities, the quantity of Ph, M, and C are very less. Therefore, the equation (1) can be expressed as followed R n + LE + H + G = 0 (2) and it can re-write in another balance as LE + H = -(R n + G) (3) In practical implementation, Rn and G can be directly measured by Net Radiation Meter and Soil Heat Flux Meter, respectively, but LE and H, which play vital role in urban heat islands, have to calculated rather than direct measurement. In meteorological and hydrological points of views, Bowen (1926) used Bowen ratio for describing the type of heat transfer in a water body in which heat transfer can either occur as sensible heat www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; 2014 (differences in temperature without evapotranspiration) or latent heat (the energy required during a change of state, without a change in temperature). In other words, the Bowen ratio is the mathematical method generally used to calculate heat lost (or gained) in a substance, it is the ratio of energy fluxes one state to another by sensible and latent heating, respectively. Bowen (1926) expressed Bowen ratio and modified by Savage et al. (2009 ), Chunkao (1979 , 2008 , Dicken et al. (2013) , Holland et al. (2013) , Peres et al. (1999) , Uddin et al. (2013) , Wolf et al. (2008), and Takebyashi et al. (2014) as followed Bowen Ratio (B) = H/LE (4) If B is less than one, great portion of available energy at the surface is passed to the atmosphere as latent heat than sensible heat, and the converse is true for value of B greater than one. In general, the value of B is equivalent to 0.41 +/-0.07 for temperate forest area and grassland, 0.2 for tropical rainforest, 0.1 for Tropical Ocean, about 10 for desert, 2.0-6.0 for semi-arid region (Bowen, 1926; Dicken et al., 2013) . Actually, when the evaporation is low, because water supply is limited, B value tends to be high. For convenience to calculate LE and H, the Equation (4) is presumed to replace in equation (3) as done by Holland et al. (2013) , Savage et al. (2009 ), Peres et al. (1999 , Dicken et al. (2013) , the result will be as LE = -(R n + G)/(1 + B) (5) and also, H = -B (R n + G)/(1 + B) (6) It is quite evident that either LE or H can be calculated in case of values of Rn and G can be directly measured by specific instruments. In bare land and city, the value of G for 24 hours is close to zero, particularly in the tropical zone (Gate, 1962; Chunkao, 1971 Chunkao, , 1979 ) the G flux in Equations (5) and (6) can be represented in zero for calculation. In addition, the B value can be determined from vertical movement of LE in elevation difference (dz) of evaporated water vapor (e) in terms of vapor pressure gradient (de/dz), and H in temperature difference (dT/dz) that can be expressed as follows:
where Kh = turbulent coefficient for sensible heat, Kv = turbulent coefficient for water vapor, Kh = Kv as assumed by Verma et al. (1978) and measuring the temperature and vapor pressure gradients between two levels within the adjusted surface layer, p = air density (g/m3), Cp = specific heat of air (0.24 cal/g/cc). If P = atmospheric pressure (1,000 mb), Mw = molecules of wet air, Md = molecules of dry air, and y = Mw/Md = 0.622, then the equation (8) can rewrite as
r is psychometric constant (CpP/yL), then B is obtain B = 0.666(dT/de) (10) The Equation (10) is suited in determining B through measuring the differences of air temperature and vapor pressure between two levels close to the ground surface as boundary layer under laminar flow as recommended the different levels of 0.8 m by Takebayashi et al. (2014) , 0.85 m by Ashktorab et al. (1989) and 2-8 m by Sellers (1969) . Also, the measuring point should follow the H:W or building-height to street-width ratio in which the instrument should be installed at minimum elevation for measurements about three to five times the height of roughness elements (Garrat, 1978) , while Heilman and Brittin (1989) recommended the fetch-to-height ratio equivalent to 20:1.
The previous statement is required to measure the concerned indicators such as Rn, G, Temperature, and vapor pressure for determining LE and H which are the main parameters to use for calculating Bowen ratio. Another way for calculated the Bowen ratio is placed on the measurement of air temperature and vapor pressure at two level under the laminar flow of horizontal wind speed which is very difficult to occur on the level near the earth's surface (Sellers, 1969; Uddin et al., 2013; Verma et al., 1978; Wolf et al., 2008) . Consequently, Wolf et al. (2008) and Uddin et al. (2013) used the eddy covariance method for determining evapotranspiration; the results www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; 2014 obtained were satisfied when they compared with the real situation. Naturally, the eddy (turbulent) transfer conditions are usually occurred in the atmosphere near the earth's surface even when the air very stable (Sellers, 1969) . So, the better way to determine the heat, vapor pressure and momentum transfer near the ground have been recommended the eddy covariance method (sometime called eddy correlation method) by Wolf et al. (2008) , Uddin et al. (2013) , Verma et al. (1978) and Chunkao (1979) . Actually, Sellers (1969) explained the latent heat and sensible heat fluxes from the ground surface in equation (7) It is clearly understood that equation (11) can be usable for determining heat (LE and H), mutters, and momentum (Sellers, 1969) but it is still difficult to measure due to air movement near the ground, especially cities comprising of urban heat island, because of seriously eddy heat transfer. Hence, the Eddy Covariance Method (EC) has been proposed in using for measuring vertical transfer of heat and water vapor by eddies in the lower atmosphere (Swinbank, 1951) and followed by Verma et al. (1978) , Wolf et al. (2008) , Uddin et al. (2013) and Lee et al. (2004) . Accordance with this applicably comprehensive academy, it made the Campbell Scientific's IRGASON, Incorporation (USA) has been invented the 3D Sonic Anemometer and HFPO1 and HFPO1SC for heat flux sensor in order to direct measurements of R n , LE, H, Temperature, vapor pressure, and 3-dimension wind speeds (v, u, w) . These instruments are expected to answer the objectives of this research as a paved way to apply for planning to cool the urban heat island in Bangkok city.
The main objective of this study is aimed to find means how to reduce temperature in urban heat island of high-density city of Bangkok by increasing either stripped or patchy tree planting as the city parks as well as top-green roof or buffer zone by planting trees around the buildings. The aforesaid statement concerning urban heating is expected to obtain from an application of Bowen ratio methodology which leads to design the green patches as the mitigation measure for temperature reduction in Bangkok urban heat island to the normal conditions.
Climate of Bangkok
Bangkok is the capital of Thailand and located above 1.5 mMSL on alluvial floodplain, the most suitable for growing paddy rice, between the latitudes of 13.5 degrees N and 13.9 degree N, longitudes of 100.4 degrees E and 100.9 degrees E, and putting across the head of the Gulf of Thailand which is directly fed the freshwater flow from 5 main rivers, such as Bang Prakong, Chao Phraya, Thachin, Mae Klong, and Petchburi rivers. According to rapidly growing city in Thailand, Bangkok started having coverage area about 6.8 sq.km and horizontal.ly stretching the area size of 347.39 sq.km in 1996, 585.54 sq.km in 1996, 672.33 sq.km in 2000, and finally 1,568.7 sq.km at the present time as shown in Figure1. Nowadays, there are legally population about 6 million plus illegally approximately 3 times for moving in chances of job opportunity, getting education, servicing government officials, international affairs, and tourists. Also, there are more 5 million people living in suburban provinces as Bangkok resident workers and factory labors. Those previous statement would be the basic causes to make high population density that followed urban heat island with warmer air temperature day by day. 
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The availa rainy day, direction, represente In the same manner, the total incoming radiation (R sd + R ld ) was equivalent to 878.4 cal/cm 2 /day and 936.0 cal/cm 2 /day (hourly calculated value equivalent to 950.79 cal/ cm 2 /day) for the total outgoing radiation. While the research on energy balance at Sakaerat Environmental. Research Station in Nakhon Ratchasima, the northeastern part of Thailand, found averaged R sd , R su , R ld , R lu , and Rn approximately 403, 50, 497, 505, and 342 g-cal/cm 2 /day, respectively, and total incoming radiant energy equivalent to 897 cal/cm 2 /day and total outgoing radiant energy equivalent to 555 cal/cm 2 /day (Chunkao, 1971; Chunkao, 1979) as indicated in Table 3 . It is obvious that the daily incoming radiant energy on the football field of Kasetsart University was found 878.4 cal/cm 2 which measured in 2013, while daily incoming radiant energy at Sakaerat Environmental. Research Station (dry-evergreen forest) was 897 cal/v which measured in 1969. Their values were very close but the daily incoming radiant energy at Kasetsart University (Bangkok in the central, 878.4 cal/cm 2 ) seemed lower than resulting at Sakaerat Environmental. Research Station (Nakhon Ratchasima in northeast, 897 cal/cm 2 ). Reasonably, there might be less amount of impurities (such as gases, aerosols, mist, smokes, fly dust, and small particulates) in the atmosphere in the year of 1969 than the year of 2013. However, they could be accepted as more or less daily incoming radiant energy from sky in Thailand. In addition, when the daily outgoing radiant energy from the two study areas was comparable which found 936 cal/cm 3 at Kasetsart University and 555 cal/cm 2 over dry-evergreen forest at Sakaerat Environmental Research Station. Evidently, the full green patch of dry-evergreen forest showed less amount of daily outgoing radiant energy because of shortwave solar energy is naturally absorbed for photosynthesizing process rather than lesser green patches and more concrete areas in rapid growth city like Bangkok as remarked by Sellers (1969) , Heilman and Brittin (1989) , Ketterer and Matzarakis (2014) , Oke et al. (1991) , and Verma et al. (1978) , Deacon (1949) , Lee et al. (2004) , Gate (1962) , Garrat (1978) , Chunkao (1971 Chunkao ( , 1979 , and Santamouris (2012). www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 4; 2014 Remarks; 1. Total incoming radiant energy (R Sd + R Ld ) equivalent to 897 cal/cm 2 /day; 2. Total incoming radiant energy (R Su + R Lu ) equivalent to 555 cal/cm 2 /day.
Results

In
Increase of Temperature in Bangkok
The elderly Bangkok residents insisted on climatic conditions that not only has been gradually increased but it has also changed in time and space since the year of 1917, because of gradually increasing roads, households, buildings, and man-made construction without specific land use planning. In the same way, the green areas for patches in terms of G100%C0%, G75%C25%, G50%C50%, G25%C75%, and G0%C100% in relation to time of the day (23 February 2014 to 14 March 2014), and also proportion among tree (T), green patch (G), and water surface (W) were experimented in order to make use in landscape designing for temperature reduction in urban heat island by selecting the north Bangkok at football field of Kasetsart University as the representative area. The results were revealed in Table4 which indicated that the averaged Bowen ratio was 0.19 for proportion of G100% C0%, 2.58 for G75% C25%, 3.25 for G50% C50%, 3.20 for G25% C75%, and 5.18 for G0% C100%. In other words, the increases of cement patches were stimulated to increase heat due to lack of supplying water to withdraw heat by evapotranspiration processes (Honjo and Takakura, 1990; Santamouris, 2012; Akbari et al., 1992; McPherso and Rowntree, 1993) . When the green patch grew trees about 50 % of the area in proportion of T50%G50%, the averaged Bowen ratio was 0.41, as the same as the proportion of T50%W50% found the Bowen ratio of 0.39, and G85%W15% found Bowen ratio about 0.20 as shown in Table 4 , The last statements were learnt that the urban heat island should be cooled in case of taking some spaces for growing trees and constructing water storage areas (see Table 4 ). Obviously, the cement patches, especial.ly concrete buildings and roads, caused the increase of heat such as C33%T33%W33% (Bowen ratio 0.63) and C50%W50% (Bowen ratio 0.99) which pointed out that the stakeholders have to keep in mind before bringing the cement or concrete into the given patches. Remarks: G = green cover/patch; C = cement cover; T = tree cover; W = water area.
Since, the atmosphere cannot stay still but it moves all direction and it also affected to latent heat and sensible heat, surely in consequence to the Values of Bowen ratio in relation to time. Therefore, there were quite fluctuation of Bowen ratio from time to time and from one proportion to the other proportion of Green and Cement patches (see Table 4 ). However, the urban heat island was evidently performed after mid-day time, particularly between 13:00 to 16:00 in clear sky because the cement patches had to spend some time of heating ambient air temperature rather than before noon which exists more water vapor on the surface and sun-beam direction to relieve the cement heating. It is remarkable from separated experiment that the Bowen ratios were inversely relied on latent heat, and directly on sensible heat and air temperature as shown in Table 5 and Figure 5 . The Bowen ratio ranged between 0.19 to 4.13 which were more or less than the previous experiments such as Savage et al. (2009 ), Ng et al. (2012 , Dicken et al. (2013) , Holland et al. (2013) , Peres et al. (1999) , Uddin et al. (2013), and Wolf et al. (2008) . In consequence, the Bowen ratio is applicable for studying on the urban heat island phenomenon in rapid growth cities as the same as the areas with dense buildings, houses, and others. This study pointed out that the proportion of G25%C75% (Bowen ratio equivalent to 3.20) to G50%C50% (Bowen ratio equivalent to 3.2) would be appropriate to take part for city planning to reduce ambient air temperature in urban heat island one way or another. Actually, the highest air temperature (33.02 °C) was placed on the G-C www.ccsen proportion pond for e Order 2: Green Patch Localization pond construction, city parks, botanical gardens, flower gardens, arboretums, roadside strip-tree growing, road isle tree planting.
Order 3: Cooling Housing Design and Construction, formed-height-shaped houses and buildings; ventilation-energy-saving constructions, architectural design, local identity, housing location, constructed-housing space.
Order 4: Housing Landscape Design courtyards, tree planting, house gardens, swimming pool, aquatic animal culturing, green roof, climbers, surrounding green patching, and potted plants.
The above orders of magnitude should be named as the appropriate measure techniques for heat reduction in the areas of urban heat islands as collected from previous researchers such as Takebayashi et al. (2014) , Zhang et al. (2013) , Akbari et al. (1992) , Santamouris (2012) , Ketterer and Matzarakis (2014) , Honjo and Takakura (1990) , Mangone and Linden (2914) , Ng et al. (2012) , McPherson (1988) , McPherson and Simpson (1992) , McPherson and Rowntree (1993) , Shahidan et al. (2012) , and Maimaitiyiming et al. (2014) . The most important issue would be how to cool the urban heat islands and dwellings in the city of dense populated and concrete constructions. All mentioned researchers have received their results for supporting that the UHI and dwellings cooling should be emphasized on community and strip tree planting, swimming pool and pond construction, and open-green spaces; and al.so it still concerns in forms, heights, shape, colors, wind circulation, and heat storage and re-radiating materials in order to extract heat from UHI unit areas.
Conclusion
Due to the rapid growth of urban heat island (UHI) in Bangkok, which is covered by 1,568.7 sq.km and 1.5 mMSL and surrounded by the Gulf of Thailand and Chao Phraya river, has been gradually extended through suburban areas that making ambient air temperature increased about 0.03 °C/year for 56-year period (1957 to 2013) but extreme ambient air temperature in the decade went up more 39 °C in late February throughout early April. The heat reduction by green patches which are composed of vegetation and open-surface pond through the evapotranspiration process was taken in this research. Bowen ratio, which is the ratio between sensible heat flux and latent heat flux was selected for determining its dimensionless values as the indicators to pinpoint the appropriate green patches in using for landscape design to achieve full function of heat reduction in the UHI unit area. The experimental results found as follows:
1) The radiant energy which measured in 2014 at football field of Kasetsart University found daily radiant energy R sd 460,8, R su 108.0, R ld 417.6, R lu 518.4, R n 259.2, and (R sd + R ld ) 878.4 gm-cal/cm2/day; while in Nakhon Ratchasima (measured in 1970) R sd 403, R su 50, R ld 497, R lu 505, R n 342, and (R sd + R ld ) 897 g-cal/cm 2 /day. It shows somewhat equal incoming radiant energy on both areas but outgoing radiant energy at Kasetsart University 626.4 g-cal/cm 2 /day and Nakhon Ratchasima 555 g-cal/cm 2 /day because of more sensible heat flux at Kasetsart University (Bangkok). Also, more net radiation found in Nakhon Ratchasima (342 gm-cal/cm 2 /day that Kasetsart University (259.2 g-cal/cm 2 /day) due to mostly latent heat flux.
2) The values of Bowen ratio were found 3.20 and 3.25 as pinpointed to the appropriate green patches between 25% to 75% of designing landscape that should be enough to reduce temperature in the UHI unit areas.
3) The research results learnt that there were four orders of magnitude to use for landscape designing, i.e., landscape macro-designing, green patch localization, cooling house designing and construction, and housing landscape designing.
4) Lesson learnt from this research that the city/urban planning is really needed the body of knowledge on how to localize the green patches for long term reducing heat in the expected UHI unit areas and supporting healthy and wealthy livelihood. 
